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Abstract. We study diffractive neutrino-proton collisions in the frawork of the color dipole
model and evaluate the single-pion production crossaeetio/dtdQPdv for the kinematics of
the ongoing experiment Minerva at Fermilab [1].
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INTRODUCTION

Due to itsV-A form the neutrino-hadron interactions possess a very tiakctsire.
However, because of the smallness of the cross-sectioexpieeimental data have been
scarce until recently, mostly being restricted to the totaks-sections. With the launch
of the new high-statistics experiments like MINER at Fermilab [1], now the neutrino-
hadron interactions may be studied with a better precisimzhad higher energies. The
V-Astructure of the neutrino-quark amplitudes enables usittystimultaneousiyV'V),
(AA) and(VA) correlators in the same process.

The properties of the vector current have been well studigtieé processes of deep
inelastic scattering (DIS) of leptons on protons and nudekeply virtual Compton
scattering (DVCS), real Compton scattering (RCS), andoreneson production.

For the axial current the situation is more complicatedeeigly at smallQ?, because
the chiral symmetry breaking generates the near-masst=ssip-goldstone mesons
(pions). For this reason the chiral symmetry is vital andustitoe embedded into any
dynamical model used for calculation of the cross secticametl Q2.

In the dipole representation, chiral properties are ingoudrtor evaluation of the light-
cone distribution amplitudes (DA) of the axial current amoip Recently, we calculated
the DA of the vector current in the Instanton Vacuum ModelNiIMor the evaluation
of several processes [2-5]. Here we derive the DAs for thal axirrent and pion in
a similar fashion in the framework of IVM. Since the IVM has ailbin spontaneous
chiral symmetry breaking, theg DAs of axial current and pion should automatically
satisfy PCAC, and in the smal)? limit reproduce the Adler relation [6, 7].



DIFFRACTIVE PRODUCTION OF PIONS

The cross section of diffractive neutrino-production ofianpon a protonyp — I rtp,
has the form,
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whereE, is the energy of the neutrinw, is the energy of the heavy bos@w or Z, in
the target rest framany is the nucleon mass;,, is the lepton tensor; arwuA is the

amplitude of pion production by the axial current on the pnafarget. In the color dipole
model this amplitude has the form
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where W™ and,LIJﬁ are the distribution amplitudes (DAs) of the pion and axiairent

respectively, andz%d(...) is the dipole scattering amplitude. The axial current ED%
contains a pion pole, whose contribution to the amplitugeaportional tog,, because
the pion is spinless. This factor terminates the pion potabse of conservation of the
lepton current.

The amplitudesd (B1,T1; B2,T2;A) in (2) is a universal function dependent only on
the target but not on the initial and final states. We rely am plarameterization of
the amplitudewd (By,F1; Bo,T2;A) discussed in detail in [2, 8-10]. In addition to the
axial current contribution, in (2) there should be the ciation of the vector current.
This contribution involves a poorly known helicity flip difmamplitude.<7, which
vanishes at high energies as/1 Besides, at smal)?, the vector current contribution is
suppressed by a fact@?.

NUMERICAL RESULTS

Most of the data on neutrino-production of pions on protoagehbeen available so far
only at energies close to the resonance region [11]. Datigla¢henergies are scarce and
have rather low statistics [12, 13]. Because the dipole &ism should not be trusted
at low energies, we provide predictions for the energy rasfdbe ongoing experiment
Minerva at Fermilab [1, 14].

TheQ? dependence of the diffractive cross section deservesagtEntion. It would
be very steep at smdll?, if the pion dominance were real. However, since the pioe pol
is terminated due to conservation of the lepton currentthdependence is controlled
by heavier singularities. In the approximation of an effezsingularity atQ? = —M?
[15] one should expect the dipole forith(Q? + M?)~2. Within the dispersion approach
the effective mass scaM is expected to be of the order of 1GeV [11, 15, 16]. Within
the dipole description th@? dependence is controlled by the the IVM mass scale, which
is of the order of 700 MeV.



The numerical results indeed confirm the dipole-like fornthefcross section at small
Q? with the effective masM ~ 0.91 GeV. In order to get rid of this trivial dependence,
in the left pane of the Fig. 1, we plot the forward diffractimeutrino cross section
scaled by the factofQ? + M?)2. As we can see, the scaled cross section is constant up
to Q% ~ 3Ge\2, but substantially deviates from the dipole form at larQér
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FIGURE 1. Left: The Q°-dependence of the cross section of diffractive neutriraspction of pions
scaled by factofQ? + M?)? at neutrino energy = 10 GeV andy = v/E, = 0.5. The mass parameter
M = 0.91GeV is adjusted to minimize the variations of the scalegssection at sma)?. Right: The
t-dependence of the cross section of diffractive neutriraspction of pions at differer®? for neutrino
energyE, = 20 GeV andy = 0.5.

Thet-dependence of the cross section is controlled by the eragloyodel for impact
parameter dependence of the dipole amplitude [2, 8—10].réblts fort-dependent
invariant cross-section are presented in the right paneesofFig. 1.

The forward invariant cross-section Eq. (1) of diffractheutrino-production of pions
on protons is depicted in the Fig. (2) as functiorvadt several fixed values gfandQ?.

Experimental data for neutrino-production cross sectreruaually presented as func-
tion of neutrino energyE, integrated ovewr. Unfortunately, in this form one cannot
separate physics of low and high energies, and the crosisisgets a substantial con-
tribution from smallv region, e.gs-channel resonances. This contribution is constant at
any high neutrino energy,, and its magnitude is comparable with the diffractive part.
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FIGURE 2. [Color online] Forward neutrino-production cross-segtiof pions as function ob at
several fixed values gfandQ?.
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